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Abstract 
It is the purpose of this thesis and research project to 
ascertain if there is a preferential neuromuscular position to 
which a patient will ~ptimally occlude; and where this position 
5. 
is in relation to the retruded contact position. Nine subjects, 
with a wide range of occlusal experiences, are utilized in the 
study: three patients have centric slips, but exhibit no 
temporomandibular joint dysfunction problems; three patients have 
a definite centric slip and a problem; and the last three patients 
show a problem and have very slight or no centric slips. 
In order to register the three points (retruded contact 
position, neuromuscular position, and the intercuspal position) in 
relation to each other, the Denar hinge-axis relator is utilized. 
All patients are disarticulated for varying periods of time to 
eliminate all proprioceptions except for the neuromuscular ones. 
The results will show that there is a definite neuromuscular 
position anterior of the retruded contact point, which a patient 
will utilize if the mandible is given adequate freedom of movement. 
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The concepts of occlusion and the corresponding mechanics 
of articulation are of such complexity that they resist "solution". 
-
Indeed, they have confounded occlusal therapists to such an extent 
. 
that no basic dogma has yet to evolve that can be accepted by all 
of the various factions of the dental society. 
There are a number of schools of thought regarding occlusion. 
On the one hand, there are those practitioners who attest to the 
theory that the human mandible has only one "normal" position-
centric relation, the most posterior, superior position of the 
condyle within the glenoid fossa. To them, this is the only 
reproducible reference point of the jaw, and therefore, it must 
be the starting point and end point for all occlusal therapy. 
From the hinge axis mounting, the first movement of the mandible 
is purely rotational; therefore, these practitioners state, the 
jaw must be on this same reproducible arc of closure. 
In contrast to the retruded contact point adherents, the 
purveyors of the neuromuscular concept of occlusion hold that 
the muscles of mastication have a preferential, comfortable posi-
tion to which they would return, if allowed to function with 
freedom; and that this position is situated anterior of the 
retruded contact position. To them, it is evident that the muscle 
fiber has an optimal length, which, when exceeded, causes a reflex 
contraction of the fiber to return to optimum position. It is 
10. 
this constant reflex activity that may, in some way, cause a 
shortening of the fibers to maintain the mandible at a more "physio-
logic" position for muscular harmony. 
Taking a stand somewhere in between are those investigators 
who accept the fact that the optimal closure of the mandible 
occurs somewhere anterior of the retruded contact position, and 
yet, believe that the centric relation position is the only 
accurately reproducible registration. Throughout this paper the 
retruded contact position will be known as RCP; the neuromuscular 
position as NMP; and the intercuspal position as ICP. 
The manifestation of the temporomandibular joint dysfunction 
syndrome can become apparent in various manners: the pathology 
can show symptomatology in either the temporomandibular joint 
itself, the muscles of mastication, or via the teeth. If the 
pathology is evident in the joint itself, it can show up as a 
clicking or sclerosing. If, on the other hand, the syndrome is 
manifested upon the muscles of mastication, it can cause trismus 
from too much reflex muscle contraction to protect the dento-
alveolar structure. Finally, the teeth themselves can be the 
focus of the pathology: they can either be worn down because of 
bruxism or be loosened by an excessive degree of trauma to their 
supporting structures. Most frequently, these manifestations 
are related to occlusal discrepancies. 
11. 
-
The question is why a greater percentage of the population 
does not exhibit a very obvious temporomandibular joint dysfunc-
tion. After all, the majority of the population is endowed with 
an inherent "centric slip": they have two occlusal positions, an 
RCP and an ICP. Apparently, there is a psychological overlay 
~hat superimposes on the individual to cause him to become more 
dentally aware and "play on" the centric slip--either by bruxism 
or by clenching. 
How should therapy be conducted? Even with a major 
reconstruction without any temporomandibular joint symptomatology, 
what registration should be used?--at the RCP, NMP, or ICP posi-
tions? In addition, with therapy to correct a mandibular joint 
syndrome, where should the case be equilibrated to? If, in fact, 
the optimum position of the mandible is at the neuromuscular 
position, then by placing the jaw in the retruded position, are 
we not forcing the mandible into an incorrect arc of closure; 
and are we not causing a potentially harmful pressure in the 
mandibular joint which could stimulate a condylar resorption? 
It is the purpose of this thesis to, in some way, ascertain 
the reliability of the various theories: to determine whether, 
given the opportunity, a patient will preferentially articulate 
, into a position that is anterior of the retruded contact position. 
The premise upon which this thesis will be conducted is that the 
position to which a patient will close down after being 
disarticulated (causing uninhibited neuromuscular proprio-
-
ception) is the point which is most harmonious for him--the 
. 
neuromuscular position. It is the object of this research 
study to see if the retruded contact position and the neuro-
~uscular position do, in fact, coincide; and, if not, where 









"The stability of joints is maintained above all else by 
. 1 
the activity of the surrounding muscles." Likewise, the major 
muscles of mastication (temporalis, masseter, external pterygoid, 
and internal pterygoid) are responsible for maintaining the 
integrity of the temporomandibular joint. To begin with, the 
mandibular joint, itself, is one of the more complex joints in 
the human body: it both rotates upon itself, and translates 
around other bony surfaces. In addition, it has an articular 
disc interposed between it and its articulating bone, the articu-
lar eminence of the temporal bone. 
The articular disc consists of dense collagenous connective 
tissue which blends with the connective tissue of the capsule 
and with the tendons of the external pterygoid muscle in the 
anterior r~gion. 2 The cartilage of the joint is mainly avascular 
with the synovial fluid acting as a limited source of nutritional 
agents. For this reason the temporomandibular joint is not 
considered to be able to withstand extensive compressive loading.j 
Therefore, it is necessary to limit the joint motion by external 
methods: via joint connective tissue and ligaments and via the 
muscles of mastication. 
The retroarticular tissue of the joint may act as an elastic 
pad for condylar movement, and draw the head of the condyle 
backward upon relaxation of the external pterygoid muscle. 
However, "even with the most retrusive action of the mandible, -
the condyler head does not move to the posterior aspects of its 
4 . 
fossa." In addition, the ligaments of the temporomandibular 
joint (temporomandibular ligament, capsular ligament, spheno-
mandibular ligament, stylomandibular ligament) surround the 
joint and serve to limit its motion--especially, the temporo-
mandibular ligament.s 
15. 
It seems that the receptors of the joint are responsible 
for recognition of active and passive movement of the mandibular 
body and for its position in space. These receptors may exert 
• their influence upon the motor nucleus of the trigeminal nerve 
and may therefore control the muscles of mastication and their 
resistance to positioning the jaw into the retruded contact 
position. 6 On the other hand, Sieber says that while these 
receptors may protect ~he joint from too much distalization they 
do not dictate jaw closure. To him this function is taken up by 
the "occlusal memory" derived from periodontal receptors. 7 These 
receptors inhibit the jaw-closing muscles and activate the jaw 
opening ones. In addition, the close association between the 
nerve supply of the joint, muscular activity, and the skin 
receptors indicates that a simple reflex muscular contraction 
(neuromuscular adaptation) is the main mode of joint protection. 
16. 
Neurological Component of the Neuromuscular System 
-
The neurological component of the neuromuscular system can 
be broken down into the peripheral nervous receptors and the 
central nervous system itself. Primarily, the muscle spindles 
and the Golgi tendon organs are responsible for initiating 
muscle contraction to protect the joint. To begin with, the 
muscle spindles within the fibers trigger a contraction or 
inhibit one. Although the masticatory muscles have a large 
number of spindles, the lateral pterygoids are said to be devoid 
of them. 8 This may allow these latter muscles to position the 
jaw with great stres~ and protect the joint. In addition to the 
muscle spindles, the Golgi tendon organ protects the muscle by 
inhibiting contraction when the muscle is over-exerted. The 
muscle spindles and Golgi tendon organs provide the central 
nervous system with information about the muscles, while the 
joint receptors indicate position and movements of the mandible. 
In the central nervous system, seven areas of the brain are 
concerned with modifying and transmitting conditioned reflexes 
necessary for neuromuscular interaction of the mastication 
muscles: cerebral cortex, basal ganglia, thalamus, reticular 
activating system, cerebellum, pons, and medulla. The motor areas 
of the cerebral cortex control integrations of motor functions, 
while the basal ganglia is concerned with motor function 
facilitation. In addition, the corpus striatum affects muscle 
~ 
17. 
coordination and the globus pollidum is connected with the 
masticator nucleus (motor nucleus of the trigeminal nerve). The 
cerebellum influences coordination and refinement of muscular 
movements by connections with other areas of the central nervous 
system. More importantly, the cerebellum receives afferent 
impulses from proprioceptors and therefore regulates optimum 
resting length and muscle tonus. In some way, the cerebellum 
may control the degree of finite muscle contraction. The medulla 
serves as a passageway for the ascending and descending pathways 
of the spinal cord. In the pons, are the nuclei of the trigeminal 
nerve. Through the thalamus passes all conscious sensory informa-
tion from the receptors. Finally, the reticular formation modi-
fies and integrates impulses from sensory receptors: it especially 
affects proprioception and muscle spindle activity. Through 
efferent pathways, it affects the reponse of motor neurons--either 
by facilitation or inhibition. Herein lies a certain degree of 
phasic and tonic muscle control. Therefore, the reticular forma-
tion plays an important role through ascending and descending 
pathways in the formation of conditioned reflexes (such as the 
conditioning of jaw closure to occlusal interferences). 9 
The cerebral cortex and brain stem receive sensory information 
via the afferent nerves and their ascending pathways. Also, these 
-
brain areas send impulses via the efferent pathways, the 
descendtng tracts. 
18. 
Mediation of proprioceptive impulses from masticatory 
muscles is via the mesencephalic (sensory) nucleus of the 
trigeminal nerve. The cerebellum, in turn, modifies this pro-
prioceptive information and changes efferent pathway information 
coming from the cerebrum. In addition to the trigeminal system, 
information from the muscle spindles may be conveyed via the 
afferent (ascending) tracts of the spinal cord. 
The fundamental mechanism of "cyclic jaw motion" seems to 
emanate from the interaction of jaw closing muscle proprioceptors 
and the intraoral receptors of the teeth and soft tissue. 10 
There i~ a cyclic interplay between jaw closing and jaw opening 
muscles. Reciprocal innervation is not involved here as with 
other muscle groups since the jaw opening muscle (external 
pterygoid} is devoid of muscle spindles. Such an interaction 
has two dissimilar reflex controls: the myotatic jaw closing 
reflex and the intraoral pressoreceptor jaw opening reflex. 
Furthermore, the main connector of proprioception of these 
oral structures to the higher centers is the trigeminal nerve. 
Afferent fibers convey information about pain and touch and 
convey proprioceptive impulses from the masticatory muscles and 
the periodontal structures. The afferents from the latter 
structures traverse the mesencephalic nucleus. 
-
Transmission of impulses occurs from the proprioceptors in 
the inter~al pterygoid, masseter and temporal muscles, and in 
19. 
the perio~ontal membrane. Pain and other deep sensibilities from 
the muscles and joints can elicit a reflex response conveyed via 
the mesencephalic nucleus to the brain stem area and back again. 
A neuron is present in the mesencephalic nucleus which conveys 
impulses from pressoreceptors of the periodontal membrane, teeth, 
and gingiva; this is in addition to the neurons from muscle 
spindles. Therefore, a painful contact from a faulty occlusion 
could send an impulse from periodontal membrane pressoreceptors 
to the mesencephalic nucleus to the brain stem and back via an 
efferent neuron. It seems possible that, over a long period of 
time, a continual reflex contraction of certain masticatory 
muscles might be initiated to protect the potentially damageable 
tooth • . This, in turn, could set up a muscle spasm and pain 
syndrome. It is apparent that the ideal "centric position" is a 
totally harmonious one, whereby the teeth are in proper contact 
and the joints and their muscles are in equilibrium. 11 At this 
point, the muscles of mastication will position the jaw in an 
optimum manner, causing occlusion into a "neuromuscular position". 
Neuromuscular Physiology 
The muscle spindle is composed of primary and secondary 
endings. Thin intrafusal muscle fibrils, surrounded by a capsule 
20. 
and attached to the tendinous end and sides of the muscle, comprise 
the primary structure. Within the structure itself are afferent 
nerve endings. The secondary endings are adjacent to these and 
are responsible for increased stretch and decreased flexor activity. 
The primary endings are responsible for the stretch reflexes. In 
addition, these nerve endings are connected to the mesencephalac 
(sensory) nucleus by the trigeminal afferents. 12 When the muscle 
is stretched, an impulse from the ·primary nerve ending is trans-
mitted via trigeminal afferents to the nucleus of the muscle 
motoneuron causing a muscle contraction. At the same time, the 
secondary ending sends impulses to contralateral muscles, making 
them flex. 
Therefore, it is important to note that the muscle spindle 
is directly responsible for the resting muscle length via the 
stretch reflex mechanism. In addition, it is responsible for 
control of muscle contraction, trying to maintain an optimal 
flexor state. In a neuromuscular system, there is a most favor-
able muscle resting length and muscle contraction as maintained 
by the muscle spindle. 13 Furthermore, it is this optimal contrac-
tion of the masticatory muscles that determines jaw placement into 
the most harmonious neuromuscular position (NMP) when occluding 
the teeth. In an ideal, harmonious situation, the muscle spindle 
is responsible for this positioning; in an occlusal interference 
, 
situation, the pressoreceptors of the periodontal membranes 
dictate ''memory" of jaw positioning. 
21. 
Of c~urse, various stimuli affect the function of the 
fusimotor (muscle spindle) system. To begin with, the higher 
brain centers can influence the sensory input to the mesencephalic 
or masticatory nuclei by direct connection; they change perception 
at these points. In addition, pressure and pain directly affect 
the fusimotor discharge to the trigeminal and would therefore 
alter the mandibular positioning into the neuromuscular position. 
For that reason, it would seem necessary to insert an anterior 
disarticulating bite plane in the patient's mouth before regis-
tering the location of the retruded contact position in order to 
allow the masticatory muscles to return to a propitious contrac-
tion state. Occlusal interferences are eliminated in this way 
and these muscles are not dictated to alter their most advantageous 
contraction pattern by ·the pressoreceptors of the offending teeth: 
the isometric contraction of the protective muscles is released. 
Once this is accomplished, the muscle spindles can return to 
their normal physiologic firing sequence and thereby allow their 
muscles to contract and position the jaw optimally (neuro-muscularly) 
when occluding. 
The higher brain centers are known to affect muscle tone 
and accurate jaw positioning. To begin with, every segment of 
the spinal cord retains the ability to dictate all modes of 
muscle activity; and yet there is a constant modification of 
control exerted from the higher brain centers via facilitory 
14 15 
and inhibitory inputs. ' 
22. 
The reticular formation, in particular, may be responsible 
for habituation to occlusal interferences. This habituation may 
be accomplished by the inhibitory inputs to the masticatory 
muscles from this structure. There are definite avoidance 
patterns dictated by higher centers (possibly the reticular 
formation) which are involved in mandibular adaptation to 
occlusal interferences. 16 A situation is set up whereby the 
masticatory muscles are inhibited from closing down into their 
"normal" position and are then re-programmed to reposition the 
mandible and possibly be maintained in a degree of contraction 
to keep _that position. 
Muscle tone is the .resistance of the muscles to stretch. 
In the same way, splinting is the increased tonus or hypertoni-
city of groups of muscles where there is passive resistance to 
the movement of a joint. By their nociceptive influence, occlusal 
interferences can cause myalgesia and pain, thereby causing muscle 
splinting. Once the adaptability of the masticatory system has 
been exceeded, hypertonicity of muscles results. Of course, 
pain from periodontal membranes affects the muscle positioning 
23. 
-
as discussed before. All of the above will increasingly affect 
the higher centers and therefore further influence the hyper-
tonicity. It has been hypothesized that the closing jaw move-
ments are based upon a stretch reflex mechanism involving muscle 
spindles in the jaw elevators, and that reflex opening occurs 
17 because of inputs from periodontal pressoreceptors. 
Occlusion: Centric Relation 
Centric occlusion and centric relation coincide when the 
elevator muscles seat the condyle in the fossa and when the 
lateral pterygoid muscle is not required to hold the condyle 
anteriorly to protect occlusal interferences. 18 At this point, 
the hinge axis movement that occurs with pure rotation is limited 
to the ~irst twenty ·or twenty-five millimeters of jaw opening: 
after this, the jaw begins to translate and is therefore not at 
·the same reference point. " ••• When the mandible moves from 
its hinge position and begins to function, there are multitudinous 
instantaneous axes. 1119 The posterior part of the temporal muscle 
keeps the mandible back for this pure rotation, but the clinician 
may achieve the same result by manipulation--provided all of the 
muscles are relaxed and muscular dysfunction does not occur (or 
there is no pain). If a misdirected and excessive force is 
~pplied to the patient's chin, a mistaken centric relation record 
24. 
-
can be taken. It is easy to show variable results, with 
different centric relations recorded each time. Indeed, 
Trapozzano-recorded multiple hinge axis relations taken on the 
same patient, and states that there is a wide marg.in for error. 20 
To him, it is necessary for two operators to take a hinge axis 
relation. This raises the questions of the variability of cen-
tric relation records in general and of the best method of 
obtaining them. Silverman states that unilateral exteroceptive 
stimuli that can result when taking a centric record could cause 
the mandible to deviate to one side. He advocates .b·ilateral 
retrusion. 
The hinge position is strictly rotary • . Since with this 
movement, there is an automatic protrusive movement by the 
lateral pterygoid, this motion must b.e counteracted by voluntary 
contraction of retrusive muscles pulling the mandible back. 
Since retrusion is a muscular action, the joint itself is left 
unstrained. 
Movement into centric can be a learned phenomenon. From 
the moment that the patient is moved into the hinge position, 
the capsular proprioceptors go from being protective to guiding 
and the patient can constantly move into this position.22 They 
can also be guided by the effect of periodontal pressoreceptors 
on the muscle reflex mechanism. These learned hinge movements 
are not automatic movements from previous learned behavior. In 
other words, a patient "ground" into "centric" will move right 
back into it-because of prior conditioning23 - not because it is 
most physiologic. 
Occlusion: Neuromuscular 
That pure neuromuscular reflex that relies solely upon 
muscle spindles for control is an innate reflex. In the same 
25. 
way, the most important reflex may be the unconscious swallow, 
since it is the mostfrequently used maxillo-mandibular relation-
ship.24 The unconscious swallow is important because it is the 
primitive method by which the predental child negotiates the 
mandible into its position in space. More importantly, this 
unconditioned reflex remains throughout life and is strictly a 
neuromuscular one. Even though Moyers states that the neuro-
muscular position is the ideal one, he says that "the concept 
of centric relation has its physiologic justification, in this 
writer's opinion, because of the closeness of the centric relation 
25 · position to the position of the unconscious swallow." In other 
words, because of its closeness to that neuromuscular reflex 
position. In contrast to him, Glickman (et al) 26 , 27 noted from 
his study that swallowing is anterior of the retruded contact 
position--in the habitual (neuromuscular) position. In each of 
26. 
three cases, the patient was equilibrated into retruded, but 
rarely used it in swallowing. The study raises the question of 
-the advisability of using the retruded contact position. Obviously, 
a greater sampling of patients will be needed in the future to 
test the theory. 
Once the teeth have erupted, the movement patterns of the 
mandible are remembered: an intercuspal position is continuously 
found. When a high occlusal contact evolves, the mandible may 
react in one of two ways (via proprioceptive impulses to the 
neuromuscular system): an avoidance pattern may be .set up whereby 
the muscles pull the jaw away from that contact; or, the mandible 
may initiate a bruxing response to weardown the interference 
(usually a psychologic interplay isSJperimposed). 
According to B.eyron, the terminal hinge movement is repro-
ducible (disagrees with Trapozzano), but the habitual, neuro-
muscular position varies slightly and is "performed with well-
synchronized muscular action, very little muscular activity, and 
slight. pressure in the temporomandibular joints. 1128 The inter-
cuspation attained after such a closure should therefore be ideal. 
It is important to also note that he states there is only a light 
pressure in the joint with neuromuscular closing. 
During mastication, the teeth contact anterior of the 





The swallowing reflex (as discussed before) brings 
27. 
the mandible posterior to the intercuspal position, but anterior -
of retruded contact position. "The reproducibility of the 
retruded contact position and the accuracy with which it can be 
obtained is, however, no proof that it is the physiologically 
'optimal' maxillomandibular relation. Maximum intercuspation 
within a small range anterior to the retruded contact position 
must be considered physiologically normal. 1131 Indeed, this is 
the concept that Schuyler utilizes when he 'allows a "freedom in 
centric. 1132 Although Beyron advocates a position anterior of the 
retruded contact position, he feels it is not accurate enough and 
returns to the centric. 
Mandibular Joint Pressure and Condy\ar Remodeling 
Unfortunately not enough research has been done on condylar 
remodeling and temporomandibular joint pressure in patients that 
have been distallized into the retruded contact position. The 
attachment of the upper head of the external pterygoid muscle to 
the articular disc may aid in mouth opening but may also apply 
pressure to the posterior surface of the condyle. It is in the 
posterior slope that degenerative changes take place. Posterior 
movement ·of the condyle due to traumatic occlusal factors may 
' 
28. 
produce compression of the posterior attachment area, resulting 
in damage to the vessels with atherosclerotic change. 33 Findlay 
~ 
finds a small positive pressure on the posterior aspect of the 
condyle with retrusion. 
The growth mechanism of the condylar cartilage persists 
throughout life in the form of an embryonic zone. Therefore, 
this potential of the condyle for growth may be activated at any 
time and cause a remodelling to adjust to chewing habits, muscle 
pull, and other factors. 34 
In addition, the articular surfaces of the joints are 
undergoing a continuous remodeling throughout life. This causes 
changes in contour of the condyle and the temporal bone in the 
form of remodelling by adding or reducing tissue from the articu-
lar surfaces. 
Three layers of adult condylar cartilage remain from the 
growth stage of mandibular development: the articular zone, 
proliferative zone, and the fibrocartilage zone. It is the 
proliferative zone which accounts for the continued remodeling: 
it divides to form new cartilage, increasing the vertical dimension 
of the articular surface. 35 At the same time, the fibrocartilage 
cells adjacent to the bone increase in mineralization and within 
a period of time, the vascular mesenchyme of the medullary cavity 
. 
of the bone invades this area and forms the haversian system. 
In this way, the original cartilage to bone ratio is restored. 
In addition this peripheral remodelling occurs on the anterior -
articular margin of the condyle. 
29. 
In another way, "regressive remodelling would appear to 
result from an abnormally retruded position of the mandibular 
condyle, which would account for the compression of the retro-
discal tissues between the posterior surface of the condyle and 
the bone of the articular fossa. 1136 Regressive remodelling occurs 
most frequently on the posterior condyle and the articular emi-
nence of the temporal bone. Finally the stimulus to induce 
remodelling is probably mechanical and could be generated from 
within or without of the joint. The question is raised by some 
researchers as to the advisability of using a forced distalization 
of the mandible into the retruded contact position or even any 
distilization at all: is the practitioner, in fact, causing 
pressure in the joint and thereby stimulating regressive resorp-
tion? More research is needed. 
30. 





In this research project two basic tenets are necessary to 
achieve results: that all patients must be disarticulated and 
that a common, constant reference point, that can be referred to 
when necessary, must be established. To begin with, it is 
important that all <lento-alveolar proprioception be eliminated 
in order to allow the musculature to achieve its equilibrium. 
In other words, the goal is to allow the neuromuscular proprio-
. 
ceptors to take over and thereby dictate muscle contraction 
without interference from periodontal proprioceptors. This is 
accomplished by requiring all patients to wear anterior dis-
articulating bite planes twenty-four hours a day for varying 
periods of time: all posterior occlusion is thus eliminated. 
Secondly, it is necessary to have a constant reference point 
to return to in all pati~nts. For this purpose, the hinge axis 
is chosen. In order to locate this reference point; the Denar 
hinge axis relator is utilized; and once this point is located, 
the patient is tatooed to allow the operator to return to this 
reference position. 
On the first day, all history taking and impressions are 
done. Two full upper and full lower sets of impressions are 
taken: one set is for the fabrication of the anterior bite plane 
32. 
and the second set is for the fabrication of a special appliance 
to adapt t0-the Denar hinge axis relater, allowing tooth articu-
lation (the~e is no tooth contact with the standard Denar 
clutches). Each set of these special clutches is precisely made 
to fit around the buccal and lingual surfaces of each arch. The 
casts are surveyed to locate the undercuts, and the appliances 
are waxed-up {Figs 1-5). The patterns are then cast into vital-
lium (Figs 6, 7). Careful consideration is taken to prevent any 
possible occlusal contact on the clutches (all patterns are kept 
down in the infrabulge area). 
During the second visit, the patient is tatooed using the 
Denar hinge-axis relater. This device uses a set of disarticulating 
clutches to allow the mandible to be distallized freely. The 
patient is instructed to open and close slightly until the hinge 
axis is .located (the stylus on the mandibular clutch does not 
move when it is on the hinge axis; it is moved until this point 
is located). At this point, the patient is tatooed on this hinge 
point so that th& operator can return to this reference area 
(Fig. 8). When this is completed, ·the anterior disarticulating 
bite plane is inserted, to be worn by the patient for twenty-four 
hours a day until the next appointment. 
For the third visit, the neuromuscular position is located. 
To begin with, the lower special clutch is attached to the lower 
33. 
Figure 1. Occlusal view of the wax-up of the maxillary 
special clutch to adapt to the Denar hinge axis 
relater. 
Figure 2. Occlusal view of the wax-up of the mandibular 
special clutch. 






Figure 4. Side view of the wax-ups articulating. 
Figure 5. Side view of the wax-ups articulating. 

35. 
Figure 6. Occlusal view of the maxillary cast vitallium 
clutch. 




Figure 8. Resetting the stylus of the mandibular Denar 
appliance to contact a previously made hinge-
axis tatoo. 
Figure 9. The addition of the special articulating clutch 
to the Denar--before the stylus is added. 
Figure 10. The cementation of the lower appliance in place 
with the retention of the maxillary disarticulating 
bite plane in place. Note that the stylus is now 
on the cross bar and has been adjusted to the 




Denar appliance with its locating stylus (Fig. 9). It is 
.. 
cemented into place with Durelon cement, taking care that no -
cement is left on the occluding surfaces. The maxillary bite 
plane is still being worn. Next, the patient is distallized, 
using the bite plane to prevent posterior occlusion; and while 
the patient is in this retruded contact position, the stylus of 
. 
the lower member is placed directly on the tatoo potnt (Fig. 10). 
The new clutch is now correlated with the constant reference 
point, the hinge axis. At this point, the patient is allowed to 
relax for fifteen to thirty minutes, while the maxillary bite 
plane is in place to prevent any "memory" of the retruded position. 
After this period of time, the bite plane is removed and the 
maxillary clutch and Denar recording flag appliance are cemented 
into place, making sure that the patient does not occlude (Fig. 11). 
At this .Point, the patient is instructed to close down until he 
reaches his first toot~ contact; and it is recorded on the flag 
(Figs. 12, 13). This is the neuromuscular position (NMP)--since 
there is no prior periodontal proprioception. Next, the jaw is 
once again distallized and recorded: this is the retruded contact 
position (RCP). Finally, the patient is instructed to bring his 
teeth completely together as he normally does: this is the inter-
cuspal position (ICP) (Fig. 14). All three points (if there are 
three) are recorded on the same flag and can thus be compared to 
each other. 
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Figure 11. The upper and lower appliances are cemented 
into place. At this point, the patient has not 
yet closed down to his first tooth contact 
after removal of the bite plane. 
Figure 12. The recording of the first contact on the Denar 
flag. 




Figure 14. The sample registration of the three points: 
Retruded Contact (RCP), Neuromuscular (NMP) 
and Intercuspal (ICP) positions. Not every 
case shows three points or has them so well 
delineated or spaced so far· apart. 
, 





In this study, care is taken to obtain patients with a wide 
range of occlusal experiences: three patients have centric slips, 
-
but exhibit no temporomandibular joint dysfunction problems; 
three have a definite centric slip and a problem; and the last 
. 
three patients show a problem and have a very slight or no centric 
slip. 
In the following pages, the case studies will be presented: 
the patient's history, symptoms, and results are related. The 
experimental methods are identical in each case except for the 
first one. 
Case 1 
History: This patient presents to the dental clinic with a severe 
temporomandibular joint dysfunction syndrome resulting, in part, 
from iatrogeni.c dent is try, and, in part, from his intense psycho-
logic state. He is extremely nervous and he suppresses a great 
deal of his tension. 
Apparently, his bridges were placed quadrant by quadrant 
without adequate provision £or "registering the bite": in centric 
relation, the mandible deviates from right to left (buccal to 
lingual) rather than anterior to posterior. The patient's history 
of his problem goes back nineteen years to 1943; and he is 
extremely preoccupied with his occlusion. 
.. 41 . 
Signs and Symptoms: Clinical evaluation shows that the external 
and internal pterygoids are extremely sore; the masseter and -
temporalis are not. There is no discernable widening of the 
periodontal ligament spaces from the X-rays. 
Method: Since case number one is the initial trial case, a 
series of methods have to be tried in order to obtain th·e results. 
First of all, a great deal of time and effort has to go into 
fabricating the special articulating clutch to adapt to the Denar 
hinge axis relator. At first, an attempt is made to adapt the 
Denar clutch former to the patient's casts. The plastic clutch 
is warmed and molded as closely as possible to the buccal surfaces 
of the teeth; acrylic is added to make a better adaptation. 
After many attempts at this, it is decided to design special 
vitallium clutches to supply the rigidity necessary for stability. 
There is still difficulty with this first set of appliances in 
design. The problems are resolved at this time. 
Results: These first results show an artifact: three points of 
contact are recorded on the Denar "flag" (RCP, NMP, and ICP), 
but the NMP point is higher up than the RCP one (Fig. 15). This 
is attributed to the problem of design with this first appliance--
the upper appliance moves during registration. However, when 
viewing the patient's first tooth contact after disarticulation 
and in relationship to the tatoo (without the upper appliance 
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Figure 15. Registration of Case 1. 




and flag in place), a preferential position anterior of RCP is 
evident (Fig. 16). Other case studies will establish this more -
accurately. 
Case 2 
History: Patient two has a past history of muscle pain and 
headaches, extending back two years. One year ago he was 
occlusally equilibrated which alleviated the problem somewhat, 
but not completely. He mentions muscle fatigue in the morning 
and is aware of bruxing his teeth during the night. 
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Signs an~ Symptoms: This patient has been selectively ground 
into the retruded contact position--RCP and ICP coincide. How-
ever, he shows eccentric prematurities which cause the mandible 
to undergo a buccal to lingual shift upon closure. The external 
pterygoid muscle is moderately sore and the internal pterygoid 
is slightly sore to palpation. 
Results: The patient shows two points of contact. His RCP and 
ICP coincide, but he has a preferrential contact anterior of this 
point (the NMP) (Fig. 17). It seems that the equilibration has 
made the patient's RCP and ICP coincide; however, over a period 
of time, the patient's "conditioning" seems to have dissipated 
to the point · where he prefers to close anterior of this RCP-ICP 
position when periodontal proprioception is eliminated. 
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Figure 17. Case 2: ICP and RCP are coincident and NMP 
is .Smm anterior. 
Figure 18. Case 3: RCP, NMP, and ICP with NMP 1.5mm 





History~ The patient presents with an atraumatic dental history. 
Signs a~d Symptoms: This patient does not exhibit any muscle 
tenderness even though he has a 6-Snnn. "centric slip" with a 
7nm. overjet. His teeth do not exhibit any appreciabl~ amount 
of mobility. 
Results: The patient shows three points of registration that 
are 1.5mm. apart from each other: RCP is 1.5mm. from NMP which 
is, in turn, 1.5nm. from ICP (Fig. 18). There is a wide range 
between RCP and NMP and this raises the question of the advisa-
bility of ever equilibrating this patient into the retruded 
contact position since he preferrentially closes so far anterior 
of RCP--especially since he has such a large overjet which would 
just be accentuated. 
Case 4 
History: The patient presents to the dental clinic with a two 
year history of pain in her jaws in the morning. It is mostly 
in the muscles and "jaw bone" and there is some pressure in her 
molar region. In addition, it occurs during most mornings, but 
not every one. If the patient is awake late at night, it bothers 
her then, but she does not have earaches or headaches. One week 
before coming to the clinic, the patient feels as if she has 
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"been slugged" in her left side. 
Signs and Symptoms: Upon clinical examination, both the right 
-
and left external pterygoids are sore--especially her right 
. 
side. After the insertion of the night guard, she has not 
awakened with any pain in her jaws in the morning. 
Results: This patient shows three points on the "flagi': RCP, 
NMP, 4nd ICP. The neuromuscular position is equidistant (.Smm.) 
from the RCP and ICP points (Fig. 19). After occlusal adjust-
ment into the retruded contact point and after the patient wears 
the bite plane for one half hour, another registration is taken--
the RCP, NMP, and ICP points coincide (Fig. 20). It is con-
ceivable that the coincidence of the NMP and RCP here may be a 
result of feedback conditioning. 
Case 5 
History: The patient presents with an atraumatic past dental 
history. 
Signs and Symptoms: This patient has no pain, but has a definite 
"centric slip". 
Results: The results show a coincident NMP and ICP, with the 
RCP 1mm. posterior (Fig. 21). 
47. 
Figure 19. Case 4: RCP, NMP, and ICP with NMP .Smm 
anterior of RCP~ 
Figure 20. Case 4 after occlusal adjustment: RCP and NMP 
are practically coincident. 
Figure 21. Case 5: NMP plus ICP coincident, and .Smm 




History.: The patient complains that her jaw has been "clicking" 
for four months. Along with this, she experiences sharp pains 
when she opens her mouth. It is elicited in the region of the 
joint (left). 
Signs and Symptoms: The patient has joint clicking. The 
patient's pterygoids are not very sore to palpation and she has 
a slight "centric slip". 
Results: Registration shows three points of reference, RCP, NMP, 
and ICP--.Smm. apart (Fig. 22). 
Case 7 
History: Patient complains of an "unremitting soreness" in his 
right joint. It radiates towards the ear and ramus. The right 
side clicks and sometimes "semi-locks". 
of an effort to chew on the right side. 
Sometimes, it is more 
His pain started five 
months before coming to the clinic. Three to £our years ago, 
the patient had one episode where the jaw locked and remitted 
by itself. 
Signs and Symptoms: The patient shows extreme soreness of the 
right internal pterygoid; light soreness of the right masseter; 
and a slight soreness of the right lateral pterygoid. However, 
49. 
Figure 22. Case 6: RCP, NMP, and ICP--.Smm apart from 
each other. 
Figure 23. Case 7: RCP and ICP coincident with NMP · 
1mm anterior of them. 

so. 
the left muscles a~e not sore and the mandible deviates to the 
-right upon maximal opening. The joint is extremely sensitive to 
attempted-retrusion, and there is no "centric slip". 
Results: This registration shows only two points: RCP and ICP 
coincide and NMP is 1mm. anterior of them (Fig. 23). 
Case 8 
History: Patient has an atraumatic history. 
Signs and Symptoms: The patient has no pain, the muscles are 
not sore, and the radiographs do not show occlusal trauma. She 
has a slight "centric slip". 
Results: The registration shows two points--NMP and ICP coincide 
and RCP is .Smm. posterior of them (Fig. 24). 
Case 9 
History: Two years before presenting to the clinic, the patient 
awakened to find that she could not open her mouth--to do so was 
very painful. In addition, an intern could not open it. 
Gradually, the jaw released itself in a week to ten days. Sl1e 
s,aw her orthodontist who told her to leave it alone. Ever since 
that episode, she. has exhibited pain just in her right side. 
Signs and Symptoms: the patient's jaw deviates to the right upon 
opening. Also, the right lateral pterygoid is extremely sensitive 
to palpation; and the left lateral pterygoid is less sensitive. 
The right internal pterygoid is sensitive. She has a 2 mm. -
"centric slip" (Fig. 25). 
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Results: The patient shows three positions--each .5rmn. from each 
other. 
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Figure 24. Case 8: NMP and ICP coincident and .5mm 
anterior to RCP. 





A pure neuromuscular reflex is one that relies solely 
upon muscle spindles for control: it is innate. Therefore, 
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the most important reflex movement of the mandible may be the 
unconscious swallow. It is the method by which the predental 
child relates his mandible in space; and it remains throughout 
life. More importantly, it is strictly a neuromuscular phenome-
non. During mastication, the retruded position is seldom used; 
and, in swallowing, it is almost never used. 
The pressoreceptors of the periodontal membrane exert a 
dominant influence upon mandibular closure. When an occlusal 
interference is encountered, a conditioned reflex is initiated 
(possible via the reticular activating system) which causes a 
modification of jaw closure patterns. The proprioceptive inter-
actions of the masticatory muscles are overridden by the facili-
tory and inhibitory influences of the higher brain centers; these, 
in turn, have been conditioned by nociceptive impulses elicited 
from periodontal pressoreceptors via the trigeminal nerve 
(mesencephalic nucleus). Therefore, an ideal centric position, 
is one where the neuromuscular and periodontal receptors are in 
harmony: a situation whereby the teeth are in simultaneous 
contact, while the joints and musc~es are in equilibrium. At 
this point, the muscles of mastication will position the mandible 
into a favorable occlusion at the neuromuscular position. 
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Obtaining a centric relation record is not an easy procedure: 
it might be attained provided all of the muscles are relaxed 
~ 
and muscular dysfunction does not occur. If a misdirected or 
excessive force is applied to the chin, a mistaken centric rela-
tion record can easily be taken. The same operator can achieve 
different records on different days. Therefore, since the 
accuracy and reproducibility of the centric relation record is 
questionable, and since it is known that the periodontal presso-
receptors can exert a dominating effect upon muscle spindle 
proprioception, and therefore upon jaw closure, it would be use-
ful to document the relationships of various jaw positions to 
each other. 
The purpose of this thesis has been to determine whether 
there is a specific neuromuscular position: to see if the neuro-
muscular position that results from pure muscular proprioception 
does, in fact, coincide with the retruded contact position; and, 
if not, where this point is located. Results of the nine clinical 
studies utilized show that there is a neuromuscular position 
situated anterior to the retruded contact position. In addition, 
not one of these cases shows any coincidence of the neuromuscular 
position with the retruded contact point; and the difference be-
tween the two points varies from .Smm. to l.Snnn. 
Care is taken to employ subjects with a wide variety of 
occlus~l backgrounds: some have occlusal problems and some do 
not. The object in doing this is to establish whether the 
existence of the NMP is influenced by pathology. It is not 
discernable. 
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Evaluating the results in relation to each other establishes 
some interesting observations. This study tries only to evaluate 
the anterior-posterior position of the various reference points 
to each other; the inferior-superior relationship may not be 
accurate enough because of tooth contacts on guiding inclines. 
Those patients who do not exhibit "centric slips'.' upon closure 
(RCP and ICP coincide), do, indeed, show an NMP anterior of RCP--
one case is even l.Onnn. anterior of RCP. 
In addition, two patients show a "centric slip" _with no 
pathology: in one the slip is very slight, and in the other it 
is 2nnn. More importantly, these two patients record a confluent 
NMP and ICP. According to these tracings, the neuromusculature 
of these patients would prefer to close the mandible into the 
intercuspal position and not into the retnuded position. 
One can compate the results of two occlusally adjusted 
subjects in the group--one is equilibrated one year before coming 
to the clinic, and the other is equilibrated after her first 
registration is completed. The first patient, equilibrated 
prior to coming to the clinic, has no centric slip, but prefers 
to close down .Smm. anterior to RCP (in NMP). In comparison, 
-
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the other patient shows three points of reference (RCP, NMP, and 
ICP), and is then equilibrated into RCP because of her pain 
pathology syndrome. One week later the results are recorded 
again; at this time, the RCP and NMP points almost coincide. 
Perhaps, extrapolating from these results, the second patient 
has been "conditioned" to close into RCP (NMP and RCP coincide 
after grinding); and perhaps the first patient has lost his 
"conditioning" and can once again show a preferential neuro-
muscular position. One can only surmise about this answer. 
The first patient has a pain problem, even though he is in 
his retruded .position. In this instance, the positioning of the 
mandible posteriorly does not seem to be the answer, although 
it is interesting to note that this patient would prefer to close 
his jaw anterior of the retruded contact position. His problem 
appears to be eccentric prematurities. 
Finally, one other case is especially interesting because 
of the large centric slip and the large overjet. This patient, 
upon registration, shows a 1.5mm. discrepancy between RCP and 
NMP. To equilibrate this patient into a retruded position, 
when he has such a large overjet (7mm.) would seem to be contra-
indicated ·(esthetics would be a problem). Therefore, it may be 
helpful to know that this patient not only can tolerate a 
position anterior of RCP, but that his musculature would prefer -
it. 
Since the results show that the mandible occludes at a 
neuromuscular position anterior to the retruded contact posi-
tion after disarticulation, the question arises about forcing 
the mandible into an incorrect arc of closure; and, causing a 
potentially harmful pressure in the mandibular joint which 
could stimulate resorption. 
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The posterior movement of the condyle due to traumatic 
occlusion or retrusion may produce compression of the posterior 
attachment area. This, in turn, could induce a remodeling in 
this area. These research results show that the mandible may 
not prefer to be distallized in therapy: does this cause a 
positive pressure in the mandibular joint with a consequent 
recontouring of the condylar head. 
Finally, it is the optimal contraction of the masticatory 
muscles that determines jaw placement into the most harmonious 
muscular position (NMP) when the teeth are occluded. In an 
ideal situation, the muscle spindle is responsible for this 
positioning; in an occlusal interference situation, the presso-
receptors of the periodontal membranes dictate "memory" of jaw 
positioning. The results of this thesis show that there is a 
59. 
specific neuromuscular position of the mandible that is anterior 
of the retruded contact position. They suggest that perhaps 
~ 
the practitioner who is trying to effect an occlusal rehabilita-
tion, should not force the mandible into a retruded position; 
but, rather, he should guide the mandible lightly into the 
retruded position, if at all. In any case, since there is a 
question as to the constancy of taking a centric relation 
record, this may be especially true. 
60. 
Conclusions 
1. There is a specific neuromuscular position that does not 
coincide with the retruded contact position. -
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2. When patients are disarticulated for varying periods of 
time, they will articulate anterior to the retruded contact 
position (RCP) at the neuromuscular position (NMP). 
3. In the nine cases studied, NMP did not coincide with RCP. 
4. Usually, the NMP did not coincide with ICP either. However, 
in two of the nine cases where the patient had an occlusal 
discrepancy, his NMP and ICP coincided and were anterior to 
RCP--but there was no pathology in these two cases. 
5. In the patient who was equilibrated into RCP before coming 
to the clinic, he exhibited an NMP anterior to RCP. In con-
trast, the patient equilibrated by this operator showed an 
NMP almost confluent with RCP when she was registered one 
week after therapy (she had two distinct points before). 
The latter patient may be conditioned to return to the re-
truded position, and the former may have overcome his "memory". 
6. One patient, who had an occlusal discrepancy of 6-8mm. and 
a large overjet, also had an NMP 1.5mm. anterior to RCP. 
An operator certainly would not want to equilibrate this 
patient into RCP, since NMP is so far anterior to RCP and 
esthetics would be a problem after therapy. 
7. The results seem to show that the operator should not force 





























Relationship of Points 
to Each Other* 
RCP, NMP, ICP 
(RCP + ICP) , · NMP 
RCP, NMP, ICP 
RCP, NMP, ICP 
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(RCP + NMP + ICP) after 
grinding 
1.0mm. RCP, (NMP + ICP) 
.Smm. RCP, NMP, ICP 
1.0mm. (RCP + ICP), NMP 
.Smm. RCP, (NMP + ICP) 
.Smm. RCP, NMP, ICP 
* Parentheses indicate coincidence of points. 
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